The knee joint is not only the most important and complex structure to present during anatomy lectures, but also a signifi cant region for radiologists and orthopedicians. The objectives of this paper are: 1) to evaluate the effi cacy of plastinated specimens by measuring colorimetric differentiation and 2) to compare the anatomical structures of the images obtained from computed tomography (CT) and silicone plastination crosssections and perform three-dimensional (3D) reconstructed models of the specimens. A total of 16 knee joints selected from the 10% formalin fi xed/dissected group (n=6), non-fi xed/dissected group (n=6) and non-dissected whole knee joint group (n=4) were scanned by CT and plastinated by using the S10B silicone technique. The color changes of the structures were quantitatively determined with the colorimeter device. Plastinated whole knee joints were cut transversally with a band saw and compared with CT images. Finally, 3D reconstruction of the knee joints was performed from CT images with the 3D reconstruction program. There were statistically signifi cant differences between the fi xed and non-fi xed groups in terms of color changes (p<0.001). The anatomical structures were identifi ed and matched in the cross-sections of plastinates and corresponding CT images. It was observed that plastinated samples were elastic, durable and non-hazardous specimens to use in the veterinary orthopedics and anatomy courses and lectures. It has been found that fi xation was useful for the fi nal product morphology. It is thought that the 3D images obtained from this study will support comprehension of the relationships between the bones, muscles, and ligaments.
INTRODUCTION
The knee joint is an important and complex structure for surgery, radiology, and orthopedic education, as well as for anatomy courses due to the unique formation and close relation of bones, ligaments, tendons, muscles, vessels, and nerves inside it [1, 2] . Due to the topographic complexity of the stifl e joint, for educational purposes models such as simulators, cross-sectional imaging, computer-assisted 3D modeling, plastination, and surgical or anatomical practices on cadavers are favored. Besides the considerable advantages, these techniques may have some disadvantages [3, 4] .
Plastinated and 3D models have become the most preferred education materials for educators, especially in the last decade [3, 5, 6] . Cross-sectional or 3D images obtained by magnetic resonance (MR) or CT imaging techniques have frequently been used to diagnose specifi c diseases, detect pathological alterations, create pre-operative strategies and prevent post-operative complications. In addition to that, these images can be quite convenient to design anatomical and surgical education models [1, 2, 7, 8] . To designate the relationship of the anatomical or pathological structures, MR and CT images can also be quite useful. CT provides a distinct identity and prevents superposition among the various tissue types such as osseous structures and soft tissues [4, 9, 10] .
Alternative methods to provide real-like specimens and models in anatomy education have been searched for over a long period of time [3] . Formalin fi xed and dissected specimens are known to become deformed after a short time. Besides, a high concentration of formaldehyde in various fi xation solutions has serious negative effects on human health. Plastination is a modern anatomical technique that is used to prepare real-like specimens of tissues and organs and is used for anatomy education and courses [3, 5] . Plastinated specimens are easy to use, carry or preserve without the need for extra care. Specimens are quite durable, odorless and non-toxic and therefore they are frequently preferred for practical training. In addition to the above advantages, some disadvantages such as a partial shrinkage or alterations in natural color and texture can be observed depending upon the plastination process. Although the prevention of color changes in various plastinated specimens is still an important issue, a satisfactory study focused on colorimetric alterations of plastinated tissues has not been published yet [6, 11, 12] .
The purpose of this study can be summarized in three main captions: 1) to evaluate the quality of plastinated joint specimens to be used for educational purposes by quantitative measurements of the colorimetric changes and morphological alterations, 2) to provide a detailed reference for the anatomical structures in the canine knee by comparing CT images and correlated S10B silicone plastinated cross-sections, 3) to obtain 3D reconstructed digital models that will be created from CT images for anatomy education.
MATERIAL AND METHODS
Specimens. Knee joints of 8 medium-size dog cadavers (n=16) have been used for this study. Digital radiography (anteroposterior -mediolateral) imaging and classical palpation methods were used to ensure that all cadavers have no orthopedic problems. The ethical consent from the local ethical committee of animal experiments in Ankara University was also obtained (Decision Number: 2017-13-105).
Computed tomography imaging and 3D reconstruction. A single detector spiral type CT device (General Electric, GE Medical Systems, Milwaukee, WI brand, 2119734-2 model) was used for the imaging process. Lateral pilot images were created for accurate planning. The fi eld of view was selected as from the mid-point of the femur to the middle of the tibia and images at 1 mm thickness were obtained. The scanning parameters were recorded as follows; 120 kV, 190 mAs, window level 1180 HU, window width 2350 HU and 512 × 512-pixel matrix. 3D reconstructed digital models of the knee joints were created by using 3D Slicer software (4.9.0 version, GitHub, San Francisco). 3D images were obtained by volume rendering on the indicated window level.
Anatomical comparison of CT images and plastinated cross-sections. Plastinated specimens (n=4) that had not been dissected, were transversally sliced with a band saw in 1 cm thick slices and cross-sections were photographed. Related cross-sections and matching CT images were anatomically compared. Anatomic formations such as bones, muscles, ligaments were identifi ed and labeled in CT images and plastinated cross-section images (Figure 1 Silicone plastination process. Samples were plastinated in 3 different groups. Specimens of the fi rst group (n=6) were fi xed in 10% formalin solution for 2 weeks and then they were dissected. Specimens of the second group (n=6) were dissected without previous fi xation. The whole knee joints (n=4) from the third group were fi xed in a 10% formalin solution for 2 weeks and directly taken to the plastination process.
Formalin fi xed groups were kept under running water for 12 hours at room temperature. Afterward, specimens from all groups were placed into pure (99.5%) acetone (Birpa Kimya, Ankara) at -20ºC for dehydration. Decreasing of acetone purity was measured every 24 hours and the acetone bath was changed when the concentration was fi xed at a constant value. The dehydration process was maintained until the acetone concentration was fi xed at a value above 95%. The defatting process was skipped due to the scarce presence of adipose tissue in the knee region. All the quantitative parameters (daily concentration change, dehydration period, etc.) were recorded. Low temperature forced impregnation at -20ºC was preferred for a stable reaction. Pigmented S10B Reddish polymer (Biodur Products, Heidelberg, Germany) and S3 silicone hardener (Biodur Products, Heidelberg, Germany) were mixed at a 100:1 ratio. At the end of the forced impregnation specimens were kept at -20ºC and room temperature, respectively and each keeping period was 24 hours. Final dissections and other retouches were completed before the gas curing-hardening stage. Biodur S6 silicone hardener (Biodur Products, Heidelberg, Germany) was used for the gas curing stage. At the end of the hardening period, plastinates were preserved in a dry, insulated medium.
Colorimetric evaluation. Color measurements of the semitendinosus muscle, semimembranosus muscle, patellar ligament, and femur were performed using a CR 400/410 Colorimeter device (Konica, Minolta, Korea). These measurements were achieved at the International Commission on Illumination (CIE) standards the L* a* and b* values, where the L* is the brightness of the product on a 0-100 scale; a* indicates the reddish color changes from green to red and b* corresponds to the bluish color change from blue to yellow [13, 14] . Colorimetric parameters were measured at 4 different stages; formalin fi xed (Group I) or fresh (Group II), after dehydration, after forced impregnation and at the end of gas curing-hardening stages. An average value was identifi ed for specifi ed structures of all specimens by performing quantitative measurements from the three different points of each structure.
Statistical analysis. Before performing the statistical analysis, data were examined for normality as parametric test assumptions. Descriptive statistics for each variable were calculated and presented as "Mean ± Standard Error of Mean". To test the differences in each parameter between sampling time in groups, two-way mixed ANOVA was used. When a signifi cant difference was revealed, any signifi cant terms were compared by Simple effect analysis with Bonferroni adjustment. P<0.05 was considered signifi cant in all analyses. SPSS® for Windows 14.1 (License No: 9869264) was used for data analysis.
RESULTS
Morphologic and colorimetric results. The plastination protocol with S10B reddish polymer was performed for knee joint specimens. Formalin fi xed and non-fi xed specimens in two different groups were both well plastinated. The dissected muscles and the articular region itself were quite elastic. However, the morphological features of the structures in the fi xed specimens were relatively well preserved when compared with the non-fi xed group ( Figure 6 ). Especially osseous tissues in the non-fi xed group demonstrated a deviant red color that was determined visually and by colorimetric analyses, as well. A remarkable shrinkage was observed in the muscular tissues of the non-fi xed group. Throughout the plastination process, the colorimetric variance for osseous, muscular tissues and ligaments in two different groups was measured. The quantitative differences based on color alterations are presented in Table 1 . The anatomic formations were real-like in transversal cross-sections.
Computed tomography and 3D imaging. Anatomical structures on plastinated crosssections and related CT images were identifi ed and matched on four main transversal images (Figure 1-4) . The distribution and borders of the femur, tibia, fi bula, patella and fabellae bones were well-defi ned in CT and plastinated images. The cortical and medullar distinction was also clear. Adductor, semimembranosus, semitendinosus, gracilis, biceps femoris, vastus intermedius, vastus medialis, rectus femoris, vastus lateralis, sartorius, gastrocnemius, popliteus, long digital extensor, lateral digital fl exor, and superfi cial digital fl exor muscles could be identifi ed and distinguished among themselves. Meniscofemoral, patellar and cruciate ligaments were observed in similar color intensity. However, collateral ligament could not be easily distinguished from adjacent formations in CT images. The anatomic formations could easily be identifi ed in cross-sections of plastinates, as well as in corresponding CT images. 3D models obtained from CT images with volume rendering reconstruction techniques were quite convenient for anatomy and surgery courses in terms of re-sectioning or re-imaging of the desired formations in the knee joint ( Figure 5 ). 
DISCUSSION
Although radiography and ultrasonography techniques are frequently used in veterinary medicine, CT and MRI techniques have been used in various animals in the recent years. Even though the applied techniques differ in the studies, the anatomical comparison is generally made based on the obtained images [2, 7, 9, 10, 15] . In this study, it was determined that there is a correlation between anatomical structures on CT and plastinated cross-sectional images. Anatomical nomenclature was easily performed on the cross-sectional images at different levels of the specimens. The bones and surrounding structures are easily distinguished in CT images, but the collateral ligament could not be identifi ed clearly in our study similar to fi ndings obtained by Soler [2] . The distinction between bone and medullary cavity of the femur and tibia was made on cross-section CT images (Figure 1 /II - Figure 2 /II). Our results are in accordance with the conclusion of Rycke et al. [9] , who stated that soft and bone tissue could be displayed together with the correct parameters. In this study, the bone boundaries of the femur, tibia, fi bula, patella and sesamoid bones were easily determined, and 3D reconstructions of these bones were also created. Muscles and ligaments around the bones were identifi ed on the CT images, and 3D models of these structures were made at different angles.
There are many educational tools used for surgery, orthopedics and anatomy teaching. Cadavers, plastinated specimens, computer-based 3D images and models prepared with imaging techniques have been foremost among these [3, 5, 16] . The negative effects on the color of the specimens prepared for anatomy education have been caused by the chemicals used in the fi xation process and harmful effects of these chemicals on human health has been stated by many researchers [3, 6, 16, 17] . In addition to these, another factor that causes a negative effect on the samples is continuous handling [6] . Long-term preservation and use are also very important [18] . Moreover, researchers aimed to fi nd specimens harmless for the human health during the lectures [6, 14] . There are important contributions to the usage of plastinated specimens as educational material and some studies were stated on these various positive effects on students [3, 16] . In this study, color differentiation of bones, muscles, and ligaments of the knee joints was calculated quantitatively at each stage of the plastination procedure and evaluated with their natural form. It was observed that the L* and b* values of the non-fi xed semimembranosus muscle were increased and a* value was decreased from fresh cadaver to the fi nal product. The fi xed muscles were preserved the L* and a* values. There was a statistically signifi cant difference between fi xed and nonfi xed semimembranosus muscle with respect to the L*, a* and b* value (p<0.001). A signifi cant statistical difference was also found between the fi rst values and fi nal values of fi xed and non-fi xed patellar ligament in terms of L*, a* and b* values (p<0.001). Fixed bone samples maintained the b* value at every plastination stage. However, the same value for the same tissue has differed in the non-fi xed group at every plastination stage.
In veterinary anatomy education, it is very important to learn the position of the anatomical structures and their relationships [2] . In this study, it was determined that 3D reconstructed models and the sectional images which have been taken at different planes, can be used for the lectures. It was predicted that the images of the 3D reconstructed models prepared at the desired angles will be good training and working materials. In the published studies, such educational materials have been described as useful visual resources for students [11, 16] . Moreover, 3D reconstruction and cross-sectional models are useful in anatomy, radiology, and surgery as well as pathology education to take measurements on specimens, prepare them in the desired positions, determine the pathological structures, negotiate the pre/post-surgical plans and examine the anatomical structures topographically. Besides 3D models, plastinated specimens are also used during anatomy education [8, 11, 18] . Neha [6] stated that samples fi xed with formalin at a high concentration had a longer preservation time, but they were not fl exible. The features of the plastinated specimens in our study were similar to those obtained by Ekim [19] and Estai [3] . The specimens were elastic, durable, odorless, non-toxic and easy to store so they could be used in veterinary orthopedics and anatomy courses. During the plastination processes, shrinkage of the dimensions of the structures is a known fact [3, 18] . In our study, it was observed that the short-term fi xation process before the plastination steps was very benefi cial to the morphological structure of the fi nal product. It was determined that shrinkage occurred in non-fi xed muscles and ligaments.
In conclusion, this research gives detailed anatomical and topographical information about different levels of CT and plastinated images of the canine stifl e joint. Although there are a lot of different anatomy education techniques, alternative teaching methods like computer-based learning with 3D reconstruction and 2D sectional images or plastination specimens prepared for different purposes are becoming more important. Therefore, these plastinated specimens are meant to be used in topographic anatomy courses in order to understand the adjacent structures in the stifl e joint. This study also provides quantitative data of color differentiation regarding fi xation procedures on plastinated specimens.
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